Study Design. Single-center retrospective study. Objective. We examined the risk factors for cage retropulsion after posterior lumbar interbody fusion (PLIF) performed for patients with degenerative lumbar spinal diseases. Summary of Background Data. Although PLIF is a widely accepted procedure, problems remain regarding perioperative and postoperative complications. There are few reported studies identifying specifi c risk factors for cage retropulsion, one of the implant-related complications after PLIF, although several case reports have been published. Methods. Between April 2006 and July 2010, 1070 patients with various degenerative lumbar spinal diseases underwent single-or multilevel PLIF combined with posterolateral fusion, using posterior pedicle screw fi xation and box-type cages. Their medical records and preoperative radiographs were reviewed and the factors infl uencing the incidence of cage retropulsion were analyzed. Results. There were 9 cases of cage retropulsion (7 men and 2 women; mean age, 68.2 yr), and it developed within 2 months after surgery in all cases. Five patients had low back pain or leg pain, 3 of whom required revision surgery. The mean fusion level was 3.9 (range, 2-5); in 6 of the 9 patients, the cage had migrated at L5/S, 2 at L4/5, and 1 at L3/4. All of the cages were inserted at the end disc level of multilevel fusion procedures. The disc heights and ranges of motion were signifi cantly greater in patients with cage retropulsion, and patients with a pear-shaped disc space also showed a higher rate of cage retropulsion.
Study Design. Single-center retrospective study. Objective. We examined the risk factors for cage retropulsion after posterior lumbar interbody fusion (PLIF) performed for patients with degenerative lumbar spinal diseases. Summary of Background Data. Although PLIF is a widely accepted procedure, problems remain regarding perioperative and postoperative complications. There are few reported studies identifying specifi c risk factors for cage retropulsion, one of the implant-related complications after PLIF, although several case reports have been published. Methods. Between April 2006 and July 2010, 1070 patients with various degenerative lumbar spinal diseases underwent single-or multilevel PLIF combined with posterolateral fusion, using posterior pedicle screw fi xation and box-type cages. Their medical records and preoperative radiographs were reviewed and the factors infl uencing the incidence of cage retropulsion were analyzed.
Results. There were 9 cases of cage retropulsion (7 men and 2 women; mean age, 68.2 yr), and it developed within 2 months after surgery in all cases. Five patients had low back pain or leg pain, 3 of whom required revision surgery. The mean fusion level was 3.9 (range, 2-5); in 6 of the 9 patients, the cage had migrated at L5/S, 2 at L4/5, and 1 at L3/4. All of the cages were inserted at the end disc level of multilevel fusion procedures. The disc heights and ranges of motion were signifi cantly greater in patients with cage retropulsion, and patients with a pear-shaped disc space also showed a higher rate of cage retropulsion. P osterior lumbar interbody fusion (PLIF) is a reliable treatment option for patients with degenerative lumbar spinal diseases, providing spinal stabilization in a balanced alignment with the disc space height restored and with the neural elements being decompressed mechanically. PLIF was fi rst described as an effective technique by Cloward in 1945. 1 , 2 However, it was not widely adopted at that time because of the high complication rate associated with pseudarthrosis and the nerve root irritation caused by postoperative collapse or displacement of the grafted bone. 3 The technique was later modifi ed by Steffee and Sitkowski, 4 using pedicle screw fi xation. This resulted in an increased rate of arthrodesis and a reduced rate of graft migration. Since then, PLIF has shown satisfactory clinical results. 5 , 6 In recent years, PLIF has become a widely accepted treatment for patients with degenerative spondylolisthesis, degenerative disc diseases, and spinal deformity.
With the prevalent use of titanium interbody cages in the 1980s, the problems arising from autograft harvesting were resolved. The titanium cages provided immediate stability to spinal levels, restoration of the disc space and neuroforaminal area, and an increased surface area leading to successful fusion. Consequently, the usefulness of PLIF with titanium cages was established. Today, cages made of carbon fi ber polymer, which are radiolucent to allow adequate assessment of bony fusion on postoperative radiographs, or polyetheretherketone (PEEK) cages that are also radiolucent and less stiff than titanium are available. 7 -9 Although current PLIF techniques are advanced and sophisticated, several implant-related complications must be overcome, such as nerve root injury during insertion of the pedicle screw or cage, cage migration or sinking, pseudoarthrodesis, and adjacent segment degeneration. Although several reports of the posterior migration of cages after PLIF or transforaminal lumbar interbody fusion (TLIF) have been published, few reports have identifi ed the specifi c risk factors for this undesirable event. In this study, we aimed to identify the risk factors for this complication by evaluating 9 cases of cage retropulsion after PLIF.
MATERIALS AND METHODS

Patients
Between April 2006 and July 2010, 1070 patients (594 men and 476 women) with an average age of 61.2 years (range, 20-86 yr) were treated using PLIF combined with posterolateral fusion. All patients experienced pain that was not relieved by conservative treatment or experienced palsy derived from degenerative lumbar spinal diseases, with 1 or more of the following diagnoses: degenerative lumbar deformity, lumbar spinal canal or foraminal stenosis, spondylolytic spondylolisthesis, degenerative disc disease, or recurrent disc herniation or stenosis after previous surgery ( Table 1 ) .
Surgical Equipment
The mean fusion level was 2.3 (range, 1-10) and cages were used in 1433 discs (L2/3, 45 cases; L3/4, 193 cases; L4/5, 695 cases; L5/S, 500 cases). As shown in Table 2 
Outcomes
Cage retropulsion was defi ned as the movement of the posterior margin of the cage into the spinal canal posterior to the posterior margin of the vertebral body. The clinical features of each patient were recorded, including age, sex, diagnosis, fusion level, disc level of cage retropulsion, type of cage, and pedicle screw system. Bone mineral density (BMD) was measured by dual-energy x-ray absorptiometry at the wrist. The symptoms accompanying cage retropulsion were recorded. Before surgery, anteroposterior and lateral radiographs were obtained in the neutral position and lateral radiographs were obtained in the maximally fl exed and extended positions. On the lateral radiographs, the percentage slippage and range of motion (ROM) were measured according to established methods. 10 , 11 To check the position of the cage, postoperative radiographs were obtained at 1, 2, 4, 8, and 12 weeks. The disc heights were measured between the midpoints of the cranial and caudal end plates on the sagittal plane of the computed tomographic scans.
We defi ned the discs that had a convex surface in the posterior halves of the superior and inferior end plates and a concave surface in the anterior halves, presenting a pear shape on lateral radiographs, as "pear-shaped discs," as seen in Figure 1 , compared with common discs that have convexshaped superior and inferior end plates. The disc shapes were evaluated by consensus between the fi rst author (H.K.), the third author (S.O.), and the fourth author (T.S.).
To compare the radiological fi ndings of patients with and without cage retropulsion, 180 control patients were randomly selected from 1061 patients without cage retropulsion. A secretary who was unaware of their imaging fi ndings selected this group. There were no signifi cant differences in ages, sexual distribution, or fusion levels between the group without cage retropulsion and the control group ( Table 1 ) .
Statistical Analysis
The Mann-Whitney nonparametric U test, the Yates χ 2 test, and the Fisher exact test were used for the statistical analyses, with P Ͻ 0.05 indicating signifi cance.
RESULTS
There were 9 cases of cage retropulsion (7 men and 2 women) out of 1070 cases (0.8%), with an average age of 68.2 years ( Tables 1 and 3 ). Sex and age were not statistically signifi cant risk factors for cage retropulsion. The diagnoses for these patients were lumbar spinal canal stenosis (n = 6) and lumbar degenerative scoliosis (n = 3). One patient had Parkinson disease and another patient had bilateral osteoarthritis of the hip. The mean fusion level was 3.9 (range, 2-5) in these patients. Six patients experienced cage retropulsion at L5/S (6 of 500 patients, 1.2%), 2 at L4/5 (2 of 695 patients, 0.3%), and 1 at L3/4 (1 of 193 patients, 0.05%). All the cages were inserted at the most caudal disc level in multilevel fusions. The cages that had migrated were OIC, 2 levels; OIC-PEEK, 1 level; Fidji, 2 levels; Telamon, 1 level; Telamon-PEEK, 1 level; and Capstone, 2 levels ( Table 2 ) .
The mean preoperative ROM at the level of cage retropulsion was 10.7 ° (range, 7 ° -16 ° ), and there were 6 patients with ROM greater than 10 ° and 1 patient with slippage of more than 10%. The mean disc height was 11.9 mm (range, 10-15 mm). Radiological analyses revealed that both disc ROM and height were signifi cantly greater in patients with cage retropulsion, although slippage showed no signifi cant difference ( Table 4 ) .
All 6 patients with cage retropulsion at L5/S had a pearshaped disc, and a pear-shaped disc signifi cantly affected cage retropulsion ( Table 5 ) . Pear-shaped discs were most frequently at L5/S, and the shape of the disc was more marked at L5/S.
The percent young adult mean (% YAM) for BMD was 89.9% (range, 65%-116%), and 1 patient was diagnosed with osteoporosis (Ͻ70% YAM).
Cage retropulsion was detected at a mean period of 15.8 days after surgery (range, 7-46 d). Four of the patients had no symptoms and 5 had low back pain or leg pain. Revision surgery was required for 3 of the 5 symptomatic patients.
DISCUSSION
Cage retropulsion impedes successful fusion in patients undergoing PLIF and causes low back pain or neuralgia because the migrated cage compresses neural elements in the lumbar spinal canal. Removal of the migrated cage is necessary for the relief of these symptoms. However, revision surgery for cage migration is technically demanding. In the posterior approach, dural retraction and nerve root mobilization are diffi cult because of the massive epidural fi brosis, occasionally resulting in postoperative dysesthetic leg pain or palsy. 12 Nguyen et al 13 reported that 10 of 14 patients (71%) had complications associated with the anterior approach, most of which were vascular. Because revision surgery to remove migrated cages-anteriorly or posteriorly-has a high incidence of complications, it is important to examine the risk factors for cage migration to avoid this complication. Kuslich et al 14 reported a 1.7% rate of implant migration requiring reoperation and a 1.4% rate of implant migration without reoperation after stand-alone PLIF with a BAK cage (a cylindrical titanium alloy device, Spine-Tech Inc, Minneapolis, MN) in a prospective multicenter trial including 947 patients. They pointed out that migration was correlated with small cage size, inadequate seating of the cage anteriorly, and stripping of the bone threads. 14 Weiner and Fraser 9 recommended the combined use with posterior instrumentation when installing box-shaped cages. Aoki et al 15 reported that the use of a bullet-shaped cage, a higher posterior disc height, the presence of scoliotic curvature, and undersized cages are possible risk factors, when they evaluated 4 cases of posterior migration of the cage after TLIF in 125 patients. In this study, we evaluated 9 cases of cage retropulsion in 1070 cases treated with PLIF combined with posterolateral fusion, using the same surgical technique at our hospital. We suggest that the risk factors for cage retropulsion after PLIF are (1) multilevel fusion procedures; (2) the involvement of L5/S; (3) greater ROM of the disc space (Ͼ10 ° on lateral radiographs); and (4) taller discs (Ͼ10 mm at the midpoint of the end plates on computed tomographic scans). No cases of cage retropulsion after treatment with single-level PLIF were observed. The migrated cages in all 9 cases were inserted at the end disc level of multilevel fusions to which large cantilever bending forces are applied. Six of these stooped posture. 18 The muscular dysfunction and chronic movement disorder in patients with Parkinson disease lead to a high rate of instrument-related complications after spinal surgery. 19 Severe osteoarthritis of the hip causes abnormal spinal alignment and induces low back pain or lower leg pain, described as "hip-spine syndrome." 20 Kim et al 21 reported that osteoarthritis of the hip is a risk factor for a L5/S1 pseudarthrosis in long adult spinal instrumentation and fusion to S1. These reports suggested that Parkinson disease and osteoarthritis of the hip might be signifi cant comorbidities affecting cage retropulsion after multilevel fusion surgery.
Cages are classifi ed into 2 types, box-type and cylindertype, and we adopted box-type cages, combined with pedicle screw fi xation in all cases ( Table 2 ). The OIC and the Fidji devices are bullet-shaped box-type cages, with rounded tips that can be inserted easily into the intervertebral space. The overall rates of cage retropulsion for these cages were less than 1%. The Telamon is a box-type cage with an overall rate of cage retropulsion of 2.5% in all, whether made of titanium, carbon, or PEEK. There were too few instances of cage retropulsion with these products to compare them statistically. The L-Varlock cage is expandable and adjustable to an appropriate fi tting angle (0 ° -11 ° ) intraoperatively. We used this model at L5/S with greater disc angles and experienced no cases of cage retropulsion. Because the loss of lordosis is related to low back pain, and sagittal malalignment after fusion surgery leads to the acceleration of adjacent segment degeneration or iatrogenic fl atback, we adopted cages with 3 ° to 4 ° lordosis to enhance and preserve lumbar lordosis. 22 , 23 It is also obvious that cages with lordosis have the advantage of avoiding cage retropulsion compared with cages without lordosis. The Capstone is a bullet-shaped box-type cage, convex at the top and at the bottom, making it easier to insert the implant into the disc space. This is considered an anatomical graft. Aoki et al 15 reported that all of 4 cases of cage migration after TLIF involved Capstone cages and suggested that this bullet-shaped Capstone cage migrates more easily than other types, because only the peak on the convex surface makes contact with the end plates. In this study, 2 out of 31 discs treated with the Capstone cage showed retropulsion, and these 2 cases occurred at L5/S with wide disc spaces, suggesting that surgeons need to be alert in evaluating the shape of the disc space when considering this type of cage. We consider that the Capstone cage should not be used at L4/5 or L5/S with great disc angles and heights. However, the Capstone is suitable for use in narrow degenerative discs with straight surfaces or discs with small disc angles and concave surfaces that fi t the anatomical shape of the Capstone.
Cage migration occurred within 3 months after operation in this study, as has also been reported in several other studies. 12 , 14 , 15 , 24 Therefore, it is necessary to check the position of cages, especially 3 months after surgery. In our series, 4 of 9 patients with cage retropulsion were free of symptoms. Aoki et al 15 and Kuslich et al 14 reported that revision surgery was not required in 2 of 4 cases and in 45% of patients with cage migration, respectively, suggesting that not all patients with cage migration are symptomatic. In those asymptomatic patients, the cages might have migrated lateral to the nerve patients experienced cage retropulsion at L5/S, suggesting that cages with 3 ° to 5 ° lordosis do not fi t the shape of L5/S with its greater disc angle compared with those at the other disc levels. Furthermore, pedicle screw fi xation at S1 is less rigid than at the other spinal locations because of the anatomical nature of the sacrum, including low BMD and the diffi culty encountered in achieving an appropriate direction of the pedicle screw. 16 , 17 Therefore, we emphasize that special care is needed in inserting cages at L5/S with greater ROM and disc height. Interestingly, the disc space on lateral radiographs of all 6 cases of cage retropulsion at L5/S was pear-shaped, as shown in Figure 1 . This disc shape showed a signifi cant tendency toward more frequent cage retropulsion ( Table 5 ) . One possible mechanism is that a pear-shaped disc space does not tend to make contact with all 4 corners of the cage in the sagittal plane, leading to instability between the end plate and the cage and evulsion of the prosthesis ( Figure 2 ) . A pear-shaped L5/S disc of which anterior space is widely open is more likely to cause cage retropulsion. First, a wide anterior space makes it diffi cult to contact with anterior 2 points of the cage. Second, a larger cage should be inserted into this type of disc space. This procedure might partially impair the posterior margin of the cranial and caudal end plates, or a surgeon is likely to select an undersized cage, because the entrance to the disc space is narrow. Third, a pear-shaped disc makes the posterior space between the cage and end plates unstable.
Because the % YAM was more than 70% in 8 of the 9 patients, osteoporosis might have had little effect on cage retropulsion ( Table 3 ). The cage might partially sink into the end plate by compression forces acting through the pedicle screws in patients with osteoporosis. Alternatively, the forcible insertion of the cage into a narrow disc space, encroaching on the osteoporotic end plates might provide stability with the end plates.
Two of the 9 patients had comorbid conditions, Parkinson disease, and bilateral osteoarthritis of the hip. Parkinson disease is a degenerative disorder of the nervous system, and its symptoms include muscular rigidity, resting tremor, and Figure 2 . Schematic representation of the difference between a common disc shape ( A ), a pear-shaped disc type ( B ), and a pear-shaped disc with greater disc angle type ( C ) with regard to stability of the cage. In the sagittal plane, the cage makes contact with the end plates of the common disc type ( A ) at all 4 corners, whereas the cage contacts the end plates at only 2 points with a pear-shaped disc ( B ), generating instability between the end plates and the cage. The mechanical force caused by the instability then expels cage. A pear-shaped disc with a greater disc angle ( C ) causes a more unstable condition between the cage and the end plates because the wide anterior space and the low posterior disc height make it diffi cult for a surgeon to select an appropriate cage. The arrows indicate the points at which the cage makes contact with the end plates. roots, or wide decompression might have prevented them from falling into an irritating position. However, our asymptomatic patients had a single cage, which had migrated unilaterally, whereas those who complained of leg pain had 2 cages, which had migrated bilaterally. Such patients manifest a severely unstable disc condition, in which it is diffi cult to relieve the symptoms, and require revision surgery.
Fundamental techniques in performing PLIF must be mastered as follows: (1) the degenerated disc materials must be removed and the end plates cleaned from cartilaginous layers thoroughly; (2) the cage must be inserted without damaging the bony end plates; (3) undersized cages should not be selected; and (4) adequate compressive force must be applied to the disc space by the pedicle screws. Even when surgery is performed meticulously using these techniques, the risk of cage retropulsion is high at pear-shaped L5/S, with greater disc height and ROM among patients who require multilevel fusion surgery. In these cases, expandable cages, such as the L-Varlock, are recommended to avoid the unfortunate complication of cage retropulsion.
➢ Key Points
Cage retropulsion after PLIF is a rare but serious complication. The risk factors must be identifi ed to prevent cage retropulsion. Special care should be taken in inserting cages into a pear-shaped disc space at L5/S when the disc space is wide and unstable in patients who require multilevel fusion surgery.
